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1. To understand the ecological trait interspecific variation on the capacity of bat species to 
persist in fragments and recolonize new patches in the fragmented landscape is fundamental for 
the creation of conservation effective plans. In this context, the study assesses 26 bat species 
vulnerability in a forest fragmentation local scale with low fragment-matrix contrast.  
2. The study was carried out in Biological Dynamics of Forest Fragments Project (BDFFP), 
Central Amazon, Brazil. Bats were captured over a 2-year period in 8 forest fragments and 3 
control plots of continuous forest, considering the interior, the edge and the matrix at the each 
local. The ecological traits values were obtained from our capture data and/or literature: (1) 
abundance in continuous forest, (2) body mass, (3) edge-sensibility, (4) matrix tolerance, (5) 
trophic level, (6) dietary specialization, (7) vertical stratification, (8) mobility, (9) wing 
morphology, (10) ecological scaled landscape indices (ESLIs). After phylogenetic correction, 
these variables were used separately and in combination to assess their association with two 
indices of fragmentation sensitivity: species prevalence (proportion of fragments occupied) and 
change in abundance. The correlation between the different traits and the environmental 
gradients were assessed using the RLQ and fourth-corner analysis.  
3. Model selection based on Akaike’s information criterion identified abundance in continuous 
forest as the best correlate of vulnerability to fragmentation. The main positive relationships 
found for the RLQ analysis was between abundance in continuous forest and forest 
fragmentation, and animalivorous bats and continuous forests. Abundance in continuous forest 
and trophic level also showed positive correlations with the fragmentation according to fourth-
corner analysis, as well as edge-sense and matrix tolerance.  
4. Synthesis and applications. Our results support that environmental filters and ecological traits 
consistently shape the bat assemblages in BDFFP fragmented landscape. The fragmented 
landscape will selectively benefit the most abundant, more matrix tolerant, less edge-sensitive 
and frugivorous species. The structural and functional connectivity among remnant patches is a 
main factor allowing persistence and dispersal of the species, mainly of those with low ability to 
use the matrix and the small fragments (≤ 10 ha). As a practical suggestion to minimize local 
extinctions, investment in the creation, restoration and maintenance of natural corridors is 
recommended, as well as the management of the matrix by improving its quality. 
 
Key-words: Chiroptera, ecological traits, habitat fragmentation, tropical rainforest, 





1. Entender a variação interespecífica das características ecológicas sobre a capacidade das 
espécies de morcegos de persistir em fragmentos e recolonizar novas áreas na paisagem 
fragmentada é fundamental para a criação de planos efetivos de conservação. Neste contexto, o 
estudo avalia a vulnerabilidade de 26 espécies de morcegos em uma escala local de 
fragmentação florestal com baixo contraste entre fragmentos-matriz.  
2. O estudo foi conduzido nas áreas do Projeto Dinâmica Biológica de Fragmentos Florestais 
(PDBFF), Amazônia Central, Brasil. Os morcegos foram capturados ao longo de 2 anos em 8 
fragmentos florestais e 3 áreas controle de floresta contínua, considerando o interior, a borda e a 
matriz de cada local. Os valores das variáveis ecológicas foram obtidos de nossos dados de 
captura e/ou de literatura: (1) abundância em floresta contínua, (2) tamanho corporal, (3) 
sensibilidade ao efeito de borda, (4) tolerância à matriz, (5) nível trófico, (6) especialização da 
dieta, (7) estratificação vertical, (8) mobilidade, (9) morfologia de asa, (10) índices de 
conectividade funcional (ESLIs). Após uma correção filogenética, as variáveis foram usadas 
separadamente e em combinação para avaliar sua associação com dois índices de sensibilidade à 
fragmentação: prevalência das espécies (proporção de fragmentos ocupados) e variação na 
abundância. As correlações entre diferentes características e gradientes ambientais foram 
avaliadas utilizando as análises RLQ e fourth-corner.  
3. O critério de informação de Akaike identificou abundância em floresta contínua como o 
melhor modelo para explicar a vulnerabilidade à fragmentação. As principais relações positivas 
encontradas pela análise RLQ foram entre abundância em floresta contínua e fragmentação 
florestal, e morcegos animalívoros e florestas contínuas. Abundância em floresta contínua e 
nível trófico também apresentaram correlações positivas com a fragmentação pela análise 
fourth-corner, bem como sensibilidade ao efeito de borda e tolerância à matriz.  
4. Síntese e predições. Nossos resultados confirmam que os filtros ambientais e as variáveis 
ecológicas moldam as comunidades de morcegos na paisagem fragmentada do PDBFF. A 
paisagem fragmentada vem seletivamente beneficiar as espécies mais abundantes, mais 
tolerantes à matriz, menos sensíveis aos efeitos de borda e frugívoras. A conectividade 
estrutural e funcional entre fragmentos remanescentes é o principal fator para a persistência e 
dispersão das espécies, principalmente daquelas com baixa capacidade de usar a matriz e os 
pequenos fragmentos (≤ 10 ha). Como sugestão prática para minimizar as extinções locais, é 
recomendando o investimento na criação, restauração e manutenção de corredores naturais, bem 
como uma gestão da matriz que melhore sua qualidade. 
 
Palavras-chave: Chiroptera, características ecológicas, fragmentação de habitat, floresta 




The rainforests of the world are in decline due to various and increasing 
anthropogenic pressures (Corlett & Primack 2008, Hansen et al. 2008, Bradshaw et al. 
2009). Concerning the Amazon rainforest, such scenario is due to the gradual loss of 
vast forest areas to livestock and agricultural activities, urban expansion, illegal logging, 
mining and dam construction (Gascon et al. 2001, Fearnside 2003, Kirby et al. 2006, 
DeFries et al. 2010, Macedo et al. 2012). The Brazilian Amazon lost about 33 million 
ha of forest in the last 20 years (Instituto Nacional de Pesquisas Espaciais 2013). Forest 
loss and fragmentation pose serious risks to the conservation of biodiversity (Laurance 
2007, Morris 2010), and one of the biggest and urgent current challenges of 
conservation biology is to understand how these anthropogenic drivers of environmental 
change contribute to local species extinction risk, which allows the establishment of 
effective management and conservation plans.  
A recent study predicts an increase of more than 80% in vertebrate species 
extinction rates associated with habitat loss in the Brazilian Amazon by 2050, and 
suggests that locally will lose an average of nine vertebrate species and have a further 
16 committed to extinction (Wearn et al. 2012). This can potentially be catastrophic for 
ecosystem stability due the loss of functional groups that, by providing a specific 
ecosystem service or function, may have a cascading effect of species extinctions 
(Grelle 2005).  
In the Amazon, bats are a good model group to assess how forest fragmentation 
influences the structure of their ecologically diverse communities (e.g. Sampaio 2000, 
Bernard & Fenton 2003, Bobrowiec & Gribel 2010). Besides their high species 
richness, bats are important seed dispersers, pollinators, prey, and regulators of animal 
populations (Kunz & Fenton 2003, Kunz et al. 2011), and their reduction or local 
extinction may significantly influence the dynamics of tropical ecosystems. For this 
reason, they have also been considered good bioindicators of habitat alteration (Fenton 
et al. 1992, Jones et al. 2009). 
Species adaptation to fragmented landscapes depends on their biological traits 
(physiological requirements, morphological adaptations, life histories), ecological traits 
(environmental preferences and associated behaviors) and strategies of resource use 
(Davies et al. 2000, Cardillo et al. 2008). Traits such as wing morphology, mobility, 
diet, body size and geographic range have usually been used to assess the vulnerability 
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of bat species to extinction at a global scale (e.g. Jones et al. 2003, Safi & Kerth 2004, 
Boyle & Storn 2007). However, different taxa vary in their responses to environmental 
changes (Meyer et al. 2008), and the vulnerability pathways are also defined by 
independent combinations of multiple traits (Purvis et al. 2000, Davidson et al. 2009). 
Henle et al. (2004) suggest that small population size, large population fluctuations and 
a high degree of habitat specialization are good predictors of species sensitivity at the 
local scale.  
Although bats have great dispersal potential due to their flight capacity 
compared with other mammals (Estrada et al. 2004, Medina et al. 2007), certain species 
may be sensitive to forest loss and fragmentation because the fragmented landscape may 
act as an environmental filter that constrains their persistence via functional species 
traits (Medellín et al. 2000, Estrada-Villegas et al. 2010). A number of studies have 
compared bat species diversity and habitat use in fragmented landscapes (e.g. Brosset et 
al. 1996, Cosson et al. 1999, Sampaio 2000, Estrada & Coates-Estrada 2001, Bernard & 
Fenton 2007, Meyer & Kalko 2008, Presley et al. 2009, Estrada-Villegas et al. 2010), 
but at a small spatial scale few have evaluated whether species responses are associated 
with particular ecological traits (Duchamp & Swihart 2008, Meyer et al. 2008, Threlfall 
et al. 2011, Hanspach et al. 2012). In the Neotropics, the only work that details the 
vulnerability of bats to habitat fragmentation comes from a landbridge island system in 
Panama (Meyer et al. 2008), characterized by a high structural contrast between 
fragments and the surrounding matrix. The results by Meyer et al. (2008) indicated 
edge-sensitivity as the most important correlate of bat vulnerability to small-scale 
fragmentation and the authors recommended comparative studies in landscapes of 
different fragment-matrix contrast for a more efficient management of conservation 
plans. 
The primary objective of this study therefore was to gain insights into which bat 
species ecological traits are correlated with their fragmentation sensitivity in a 
fragmented landscape with low fragment-matrix contrast. Specifically, we wanted to (a) 
define which ecological traits contribute most to species’ vulnerability, (b) identify 
which bat species are most vulnerable to fragmentation, (c) understand how specific 
environmental traits set pathways to local extinction risk. We tested the hypothesis that 
there is a significant relationship between species ecological traits, patterns of species 
distribution and environmental gradients (fragments and continuous forest interiors, 
forest edges and matrix). We expected that most gleaning animalivorous bats that are 
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more habitat specialized, rare, heavier, top predators, and less mobile are more 
vulnerable to forest fragmentation. We compare our findings with the results found by 
Meyer et al. (2008) through the use of ten ecological traits as predictors of species 
responses to habitat fragmentation.  
 
Material and Methods 
Study area and experimental design 
 The study was carried out at the Biological Dynamics of Forest Fragments 
Project (BDFFP) located ca. 80 km north of Manaus, Central Amazon, Brazil (Fig. 1), 
an area which spans ~1000 km
2
 (2°25´S-59°50’W) (Lovejoy & Bierregaard 1990). The 
area is characterized by a mosaic of unflooded (terra firme) Amazonian rainforest, 
secondary forest and primary forest fragments. The climate is monsoon – Am (Köppen) 
(Peel et al. 2007). Mean annual temperature is 26 ºC (range 19-39 ºC) (Oliveira & Mori 
1999) and mean annual rainfall ranges from 1.900-3.500 mm. The rainy season lasts 
from October-May (Laurance 2001). The topography is relatively flat (80-160 m 
elevation), intersected by small streams (Laurance et al. 2011). The dominant soil type 
is yellow latosols, which are well-drained and nutrient-poor (Laurance et al. 1999). The 
primary forest canopy is 30-37 m tall, with emergent trees to 55 m (Laurance et al. 
2011). Fruiting usually occurs during the rainy season (Rankin-de Merona et al. 1992). 
In the early 1980s, 11 fragments were isolated from continuous forest by distances of 
80-650 m by clearing and burning the surrounding forest. Since then, each fragment was 
re-isolated on 3-4 occasions, most recently between 1999 and 2001 (Laurance et al. 
2011). The matrix is characterized by secondary growth in various successional stages 
and is dominated mainly by Vismia spp. (areas that were cleared and burned) and 
Cecropia spp. (areas that were cleared without fire) (Mesquita et al. 1999). 
 The study included eight forest fragments (three of 1 ha, three of 10 ha, two of 
100 ha – distributed in Dimona, Porto Alegre and Colosso camps) and nine control plots 
in three areas of continuous forest (Cabo Frio, Florestal and Km 41 camps) (Fig. 1). 
Sampling was conducted in the interiors and at the edges of all 8 fragments as well as at 
8 sites located 100 m from the fragment border into the adjacent matrix. The same 
sampling scheme was applied for the continuous forest sites using 9 sampling points in 




Fig. 1. Experimental area of the Biological Dynamics of Forest Fragments Project 
(BDFFP), Central Amazon, Brazil. Black areas represent Dimona, Porto Alegre and 
Colosso fragments, and areas of continuous forest in Cabo Frio, Florestal and Km 41. 
Grey areas represent the surrounding matrix. 
 
Bat sampling  
 We used 31 mist-nets (2.5 x 12 m) for sampling each replica both in continuous 
forest and fragments: 14 ground-level nets in the interiors, 7 at the edges, 7 in the 
matrix, and (up to) 3 canopy nets in the interiors. The nets were revised at intervals of 
10-30 minutes. Canopy net height in continuous forest and fragments averaged 18 m 
and 17 m, respectively. Each site was sampled for eight nights (from dusk until six 
hours after exposure) over a 2-year period (August 2011 to June 2013) by a shifting 
team with which I collaborated during the last sampling year. There were never two 
consecutive nights at the same sampling point. The bats were individually marked with 
numbered metal necklaces (frugivorous phyllostomid bats and Pternotus parnellii) or 
transponders – pit-tags (gleaning animalivorous bats), and released at the capture site. 
Species identification followed Simmons & Voss (1998), Lim & Engstrom (2001), 
Charles-Dominique et al. (2001), Gardner (2008) and Sampaio & Kalko (unpublished 
data). Taxonomy follows Simmons (2005). In total, we obtained 4,845 bat captures 
(4,207 at ground level and 638 at canopy level) representing six families and 59 species 
(unpublished data). For the purpose of this study we considered only species of the 
Phyllostomidae and Pteronotus parnellii (Mormoopidae) because they are sampled 
adequately with mist-nets (Kalko 1998), as well as all species with more than three 
captures in continuous forest. This resulted in 26 study species for analysis (Tab. 1). 
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Species traits  
We examined the relationships between measures of species sensitivity to 
fragmentation and the following traits (compare Meyer et al. 2008): abundance in 
continuous forest, body mass, edge-sensitivity, matrix tolerance, trophic level, dietary 
specialization, vertical stratification, mobility, wing morphology and ecologically scaled 
landscape indices (ESLIs) (see Table S1 in Supplementary material).  
Abundance in continuous forest. Recaptures (177) were excluded of the analyses 
and abundance calculations were standardized by capture effort (1 mist-net hour, mnh = 
one 12-m net open for 1 h). Total capture effort at ground level at continuous forest 
interiors was 6,034 mnh. 
Body mass. Body size was calculated based on the average body mass of each 
species recorded in our study.  
Edge-sensitivity and matrix tolerance. Edge-sensitivity and matrix tolerance 
were measured separately using the same index (IN), which uses the capture frequency 
of each species in the two habitat types relative to continuous forest sites: IN = (Nedge, 
matrix – Ninterior)/(Nedge, matrix + Ninterior) (Harper et al. 2005), where negative values (-1) 
indicate captures only in continuous forest, while positive values (+1) refer to captures 
only at the edge or in the matrix. 
Trophic level. Based on the trophic structure that best reflects the assemblage of 
phyllostomid bats in our study area (Bernard 2002), species were assigned to broad 
trophic categories, animalivorous or phytophagous (see Table S1 in Supplementary 
material). We considered animalivorous and frugivorous those species for which one 
prey order or one plant genus, respectively, contributed more than three-quarters of the 
food records, based on published accounts (see Table S1 for references).  
Dietary specialization. We divided the food items into six categories: (a) fruit, 
(b) nectar or pollen, (c) leaves (d) arthropods (e) blood and (f) vertebrates. We 
calculated the percentage of the contribution of each food item to the total dietary 
records for each bat species (e.g. Heithaus et al. 1975, Bernard 2002, Thies & Kalko 
2004, Giannini & Kalko 2005; see Table S1 for complete list of references). Three 
categories describing the degree of dietary specialization were established: (1) two or 
more food items contributed > 10% to all food records, (2) one single food item 
contributed > 90% to all food records, and (3) restricted food category of one particular 
item of food. 
8 
 
Vertical stratification. The use of the vertical forest niche of each species was 
measured through the proportion of captures in ground nets vs. canopy nets. The canopy 
net captures were counted from c. 6 m upwards (sub-canopy level). The calculations 
were based on abundance/capture effort (mnh). The species were assigned to three 
categories of vertical stratification: (U) understory species, < 33% of all captures in 
canopy nets; (N) opportunistic species without preference, 33-66% of all captures in 
canopy nets, (C) species with canopy preference, > 66% of all captures in canopy nets. 
Mobility. Mobility patterns were determined through mark-recapture data 
obtained during our study (by calculating the distance between marking and recapture 
site) and/or based on the literature – where preference was given to radio-tracking 
studies for best representing species’ home ranges (e.g. Bernard & Fenton 2003, 
Albrecht et al. 2007, Henry & Kalko 2007; see Table S1 for complete list of references). 
For 9 species for which no information on mobility was available, mean and maximum 
distances were predicted by linear regression on body mass (F1,15 = 5.38, P = 0.034, r
2
 = 
0.26; F1,15 = 5.06, P = 0.039, r
2
 = 0.25, respectively). The species were then grouped 
into three categories of mobility according to mean and maximum recapture distances: 
low, intermediate and high (see Supplementary material, Figure S1). 
Wing morphology. Different measures describing wing morphology, aspect ratio 
(wing span
2
/wing area), wing loading (total body mass*gravitational acceleration/wing 
area) and relative wing loading (wing loading/body mass*9.81
0.33
) (Norberg & Rayner 
1987, Norberg 1998) were calculated by averaging measurement values of up to five 
individuals of each bat species recorded in our study. Measurements were made based 
on digital photographs and analyzed with the program ImageJ 1.47. As recommended 
by Norberg & Rayner (1987), the head was excluded from calculations of wing area. 
 ESLIs. We calculated two ESLIs, average carrying capacity (ESLIk) and patch 
connectivity (ESLIc; Vos et al. 2001, Swihart & Verboom 2004). ESLIk is defined as: 
     
 
where Ai is the area of patch i and IARi is the individual area requirement of one 
reproductive unit of a particular species in patch i. In the same landscape, this index is 
higher for species with small individual area requirements. The patch connectivity index 
combines the degree of isolation of a specific patch with the mobility of the species: 
































where dij is the distance between patches i and j, and α is a species-specific dispersal 
parameter. Species with good dispersal abilities, i.e. small α, therefore exhibit larger 
connectivity values. For ESLIc, the dispersal parameter was calculated based on 
maximum dispersal distances obtained from mark-recapture data from our study, the 
literature, or by linear regression as above. α was calculated as α = -ln(0.001)/dmax (Vos 
et al. 2001, Swihart et al. 2003). To quantify the ESLIc circular buffers of 1.5 km radius 
were delimited around the center of each forest fragment. Buffer scale was chosen so as 
to encompass the home ranges of different-sized bat species (Meyer et al. 2008). For the 
calculation of ESLIk maximum individual area requirements were obtained directly 
from the literature or by linear regression between maximum recapture distances and 
maximum home range sizes (F1,9 = 38.08, P = 0.0001, r
2
 = 0.81). 
Four models were included using a combination of traits: 
1. Dispersal: mobility, body mass, relative wing loading, aspect ratio, edge-sensitivity 
and matrix tolerance. 
2. Population size: abundance in continuous forest, body mass and trophic level. 
3. Specialization: dietary specialization, vertical stratification, edge-sensitivity and 
matrix tolerance. 
4. ESLIs: ESLIc and ESLIk.  
 
Data analysis 
Trait correlates of fragmentation sensitivity 
To avoid statistical problems related to phylogeny in this multi-species study 
phylogenetically independent contrasts were applied to control for the non-
independence of the data (Felsenstein 1985, Garland et al. 1992). Phylogenetic 
correction was performed using the R package ape (Paradis et al. 2004). Taxonomic 
relationships between species were based on the phylogeny proposed by Jones et al. 
(2002). Results with and without phylogenetic correction are presented in the 
Supplementary material, Table S2 and S3, respectively. 
To ensure comparability with the results of Meyer et al. (2008), we compared 
two measures of sensitivity to fragmentation: (1) proportion of fragments in which a 
particular species was present (arcsine-transformed), (2) index of change in abundance 
adapted from Davies et al. (2000) – relative species abundance (RA; bats/mnh) in 
fragments and in continuous forest sites. A small number (0.0001) was added to the 
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relative abundance of each species as Glyphonycteris daviesi was not captured in 
fragments: y = loge (RAfragments + 0.0001/RAcontinuous forest + 0.0001). 
Logarithmic transformations were performed on body mass, abundance in 
continuous forest and ESLIs. Both response variables followed a normal probability 
distribution (Shapiro–Wilk test, P > 0.05) after phylogenetic correction, and were 
modeled using generalized linear models (GLMs) assuming a Gaussian distribution. 
Regressions for all models were forced through the origin (Garland et al. 1992). For 
each response variable, goodness-of-fit was examined based on the global model as 
percentage of explained deviance (Crawley 2005). The selection of the best model was 
made using the Akaike information criterion (AIC) corrected for small-sample size 
(AICc). Delta values Δi < 2 and high values of Akaike weights (wi) (i.e. closest to one) 
identified the models that received the strongest support. Model selection frequencies 
(πi), which based on bootstrapping (10,000 resamples) of the original data give the 
proportion of times each model was the one best supported from the candidate set, were 
further calculated to assess model selection uncertainty (Burnham & Anderson 2002). 
We also computed weighted estimates of regression coefficients and unconditional 
standard errors for the best-supported model in the confidence set: 
 
 
where wi is the Akaike weight of model i, and θ
+
j,i is the estimator of the regression 
coefficient if ecological trait j is included in model i (Burnham & Anderson 2002). The 
analyses were performed using the R package AICcmodavg (Mazerolle 2013). 
Trait-environment relationships 
The relationships between species ecological traits (only individual traits were 
considered) and environmental variables were tested by RLQ (Dolédec et al. 1996) and 
fourth-corner analysis (Legendre et al. 1997, Dray & Legendre 2008). These are two 
complementary multivariate analyses linking data from three tables: R, L and Q. The R 
table comprises the environmental variables (39 sites x 3 variables) and here considered 
forest size (1, 10, 100 ha fragments and continuous forest), habitat category 1 
(fragments or continuous forest) and habitat category 2 (interior, edge or matrix). The L 
table comprised species abundances (39 sites x 26 species) and the Q table all ecological 
traits (26 species x 13 traits). RLQ analysis maximizes the covariance between sites and 
species based on environmental variables and ecological traits (Dolédec et al. 1996). 










tables by Hill-Smith principal components analysis (PCA) for mixed quantitative and 
qualitative data (Hill & Smith 1976), using the CA site and species scores, respectively, 
as row weights, thus allowing R and Q to be linked to the L table. We compared the 
variance explained (%) by the first two RLQ axes with those of the separate ordinations. 
Significance was tested using 999 permutations. We then applied fourth-corner analysis, 
which quantifies and tests the relationships between environmental variables and 
species ecological traits. The result is a matrix of correlation between ecological and 
environmental variables with community composition. We used a combination of model 
2 – which links the matrices L and Q and tests the null hypothesis that communities of 
species are not dependent on the environmental variables of the sites where they are 
found, with model 4 – which links matrices L and R and tests the null hypothesis that 
the distribution of species between sites with favorable conditions does not depend on 
the species’ ecological traits (Legendre et al. 1997, Dray & Legendre 2008). 
Significance of the relationship between species ecological traits and environmental 
variables was assessed based on 999 permutations through the fourthcorner2 function, 
which offers a multivariate statistic (equal to the sum of eigenvalues of RLQ analysis) 
and measures the link between two variables by a square correlation coefficient (two 
quantitative variables), a Chi
2
/sum (L) (two qualitative variables) and a correlation ratio 
(one quantitative and one qualitative variable). RLQ and fourth-corner analysis were 
performed with the package ade4 (Dray & Dufour 2007) in R v.3.0.1 (R Development 
Core Team 2013). 
 
Results 
Trait correlates of fragmentation sensitivity 
Abundance in continuous forest received overriding support as the best model 
explaining species’ sensitivity to forest fragmentation for both response variables: 
species prevalence (wi 0.93) and index of change in abundance (wi 0.89) (Tab. 2). The 
composite “population size” model was ranked second (ΔAICc 5.14, wi 0.07 – species 
prevalence; ΔAICc 4.25, wi 0.11 – index of change in abundance), but based on Akaike 
weights was more than eight times less likely than the best ranking model. No other 
models in the candidate set were supported (ΔAICc ≥ 23) (Tab. 2; Supplementary 
material, Table S2). Bootstrap selection frequencies confirmed the strong evidence for a 
correlation between fragmentation sensitivity and abundance in continuous forest: 
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55.9% of all cases (πi = 0.559) species prevalence and 62.6% (πi = 0.626) change in 
abundance (Tab. 2). The regression coefficient indicated a positive association between 
species prevalence (θ = 0.16) and change in abundance (θ = 0.95) with abundance in 
continuous forest. 
 
Trait-environment relationships  
The RLQ analysis included all 26 bat species and showed a significant 
relationship between species traits and environmental variables (P = 0.001). RLQ axis 1 
accounted for 83.6% of the total co-inertia (i.e. link between the traits and 
environmental variables) compared with 8.6% for the second axis (Tab. 3). This 
represented 71.7% of the correlation expressed in the CA of species composition (table 
L), and 81.6% and 93.3% of the variance expressed in the Hill-Smith PCA of the 
environmental variables (table R) and ecological traits (table Q), respectively (Tab. 3). 
The PCA plot of environmental variables and of the RLQ axis 1 shows opposite trends 
between intact forest sites and fragmented habitats (Fig. 2a and 3). Continuous forest 
interior sites and 100 ha fragment interiors showed greater species richness, indicating 
that species richness increases with habitat integrity (Fig. 2a). Animalivores, canopy 
foragers and large species were associated with continuous forest and 100 ha fragment 
interiors. In comparison, high abundance in continuous forest, high matrix tolerance, 
low edge-sensitivity, high relative wing loading and a plant diet were associated 
positively with smaller fragments, edge and matrix habitats (Fig. 2 and 3). Aspect ratio, 
dietary specialization, ESLIs, mobility, and an understory or opportunistic foraging 
habit were traits not strongly correlated with the environmental variables (Fig. 3). Based 
on the fourth-corner analysis, we found a significant relationship (P < 0.05) between 
abundance in continuous forest and trophic level with the three environmental variables 
size (1, 10, 100 ha fragments and continuous forest), habitat category 1 (fragments or 
continuous forest), and habitat category 2 (interior, edge or matrix). Edge-sensitivity 








Table 1. Responses to forest fragmentation recorded for 26 bat species in the 
fragmented landscape of the BDFFP, Brazil. Fragmentation sensitivity was assessed as 
species prevalence (fraction of fragments occupied) and through an index of change in 







Artibeus cinereus Acin 0.63 -2.022 
Artibeus concolor Acon 0.50 -1.883 
Artibeus gnomus Agno 0.38 -2.356 
Artibeus lituratus Alit 0.38 -2.360 
Artibeus obscurus Aobs 0.75 -0.753 
Artibeus planirostris Apla 0.50 -1.889 
Carollia brevicauda Cbre 0.88 -0.538 
Carollia perspicillata Cper 1.00 2.450 
Chrotopterus auritus Caur 0.25 -3.225 
Desmodus rotundus Drot 0.25 -3.255 
Glyphonycteris daviesi Gdav 0.00 -6.160 
Lonchophylla thomasi Ltho 0.63 -1.198 
Lophostoma schulzi Lsch 0.25 -3.238 
Lophostoma silviculum Lsil 0.63 -1.487 
Mesophylla macconnelli Mmac 0.50 -2.358 
Micronycteris microtis Mmic 0.38 -2.851 
Mimon crenulatum Mcre 0.50 -1.264 
Phylloderma stenops Pste 0.25 -2.857 
Phyllostomus discolor Pdis 0.25 -2.838 
Phyllostomus elongatus Pelo 0.50 -2.023 
Pteronotus parnellii Ppar 1.00 0.016 
Rhinophylla pumilio Rpum 1.00 1.175 
Tonatia saurophila Tsau 0.50 -0.753 
Trachops cirrhosus Tcir 0.88 -0.677 
Trinycteris nicefori Tnic 0.25 -3.238 

















Table 2. The two best-supported models from the set of candidate GLMs for the two 
measures of fragmentation sensitivity. Sample-size adjusted AIC (AICc), Akaike 
differences (Δi), Akaike weights (wi), and bootstrap selection frequencies (πi), as well as 
model-averaged parameter estimates (θ) and unconditional standard errors (SE) are 
presented. Traits included in the population size model were: AC – abundance in 
continuous forest; BM – body mass; TL – trophic level. Percentage deviance explained 
(% dev.) is given for each response variable. 
 
Response variable Model AICc Δi wi πi θ SE 
Species prevalence Abundance in continuous forest (AC) -34.12 0.00 0.93 0.626 0.16 0.02 




> 23 0.00 
 
  
Change in abundance Abundance in continuous forest (AC) 50.71 0.00 0.89 0.559 0.95 0.14 









Table 3. Results from RLQ analysis using environmental variables and species traits. a) 
Eigenvalues (and % of total co-inertia) for the first two axes. Ordinations of tables R 
(principal components analysis – PCA Hill-Smith), L (correspondence analysis – CA) 
and Q (principal components analysis – PCA Hill-Smith). b) Summary of RLQ 
analysis: eigenvalues and percentage of total co-inertia accounted for by the first two 
RLQ axes, covariance and correlation (and % variance) with the correspondence 
analysis of the L matrix, and projected variance (and % variance) with the R and Q 
matrices.   
 
 Axis 1 (%) Axis 2 (%) 
a)   
    R table PCA (Hill-Smith) 3  (20.00) 2  (13.33) 
    L table CA 0.15  (25.53) 0.08  (13.52) 
    Q table PCA (Hill-Smith) 3.81  (29.34) 3.26  (25.09) 
b)   
    RLQ axis eigenvalues 0.69  (83.60) 0.07  (8.64) 
    Covariance  0.83 0.26 
    Correlation: L 0.28  (71.75) 0.13  (48.61) 
    Projected variance R 1.56  (81.60) 1.19  (4.16) 

















Fig. 2. Principal component analysis (PCA Hill-Smith) analyzing the covariation of 
environmental variables (a) and ecological traits (b) across all 26 bat species. 
Abbreviations: a) CF = continuous forest; b) AC = abundance in continuous forest, BM = body mass, ES 
= edge-sensitivity, MT = matrix tolerance, TL = trophic level, DB = dietary specialization, VS = vertical 
stratification, MO = mobility, AR = aspect ratio, RWL = relative wing loading, ESLIc – ESLIk = 
ecologically scaled landscape indices. See Table 1 for full species names. 
 
 Fig. 3. Plot of RLQ analysis relating bat species traits (black bars) and environmental 
variables (grey bars) along RLQ axis 1. Abbreviations: CF = continuous forest, ESLIc – ESLIk = 




Fig. 4. Fourth-corner correlations between species traits (rows) and environmental 
variables (columns) using all 26 bat species. Black fields represent significant (P < 
0.05) relationships based on 999 randomizations. Abbreviations: size (1, 10, 100 ha fragments 
and continuous forest), Hc 1 = Habitat category 1 (fragments or continuous forest), Hc 2 = Habitat 
category 2 (interior, edge or matrix). 
 
Discussion 
There has been a substantial impact of forest fragmentation on the bat 
assemblages studied at the BDFFP, as evidenced by the observed patterns of species 
prevalence and change in abundance in fragments relative to continuous forest controls. 
For certain functional groups, like gleaning animalivorous bats, species prevalence and 
change in abundance values were similar between this study and Meyer et al. (2008). 
Unlike the response variable species prevalence, the index of abundance change allows 
measuring the differences in species abundances between fragments and continuous 
forest (Meyer et al. 2008), presenting a more informative framework for analyzing the 
less abundant or rare species, which in turn should be more susceptible to local 
extinction (Henle et al. 2004). However, species prevalence and change in abundance 
showed no great differences in the choice of the best models, irrespective of whether the 
data were corrected for phylogeny or not (see Supplementary material, Table S2 and 
S3). Abundance in continuous forest was the ecological trait associated most strongly 
with species vulnerability to fragmentation based on AICc (Table 2). The "population 
size" model also received limited support and its ranking as the second best model is 
probably due to its inclusion of abundance in continuous forest as a variable in this 
composite model (Table 2). Ecological traits such as body mass, trophic level, dietary 
specialization, vertical stratification, wing morphology, mobility and ESLIs did not 
receive support as being good predictors (Table 2). The results of Meyer et al. (2008) 
indicate abundance in continuous forest as the second best model for species 
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prevalence, but the regression coefficient values were low compared with the best 
model in their study: edge-sensitivity.  
Abundance in continuous forest, high trophic level, edge-sensitivity and matrix 
tolerance received support as good predictors of species sensitivity based on the RLQ 
and fourth-corner analysis (Table 3 and 4). The most abundant species such as Carollia 
perspicillata, Carollia brevicauda and Rhinophylla pumilio apparently benefited from 
fragmentation since they were recorded in a greater number of habitats, and thus can be 
assumed to be less affected by demographic and environmental stochasticity (Lande et 
al. 2003). Such results refute the arguments of Tilman et al. (1994) that abundant 
species tend to be good competitors and poor dispersers, which would make them more 
susceptible to extinction in fragmented landscapes, and agree with McCarthy et al. 
(1997) in that poor competitors and rare species are more vulnerable to habitat loss. 
Species that occur at low population densities in continuous forest present greater 
difficulties in maintaining viable populations in small fragments (< 100 ha) and in the 
secondary forest matrix, being driven to extinction faster. 
Abundance in continuous forest and animalivorous bats showed positive 
correlations with the structure and area of vegetation (Fig. 4), being the first positively 
related with the fragment interior-edge-matrix gradient, and the second with continuous 
forest interiors and 100 ha fragments, respectively (Fig. 2 and 3). Most species were 
strongly associated with continuous forest interior sites and 100 ha fragments (i.e., with 
greater forest integrity) (Fig. 2a), thus reflecting the fact that the intensity of 
fragmentation effects was correlated with abundance in continuous forest. Probably the 
lower prey abundances (e.g. small mammals, large arthropods) and roost availability at 
edges, as well as in the matrix and small fragment interiors (≤ 10 ha) in the BDFFP 
landscape (e.g. Gascon et al. 1999, Bobrowiec & Gribel 2010, Vasconcelos & Bruna 
2012) make gleaning animalivorous bats highly dependent on continuous forest and 
more vulnerable to fragmentation (Medellín et al. 2000, Meyer et al. 2008). 
Environmental filters supposedly are less intense in continuous forest sites compared 
with edge and matrix habitats, where have more microhabitats due to vertical 
stratification (Jabot et al. 2008, Mayfield et al. 2009).  
In spite of the low fragment-matrix contrast of the BDFFP landscape, edge-
sensitivity and matrix tolerance were associated with forest fragmentation (Fig. 2 and 3) 
and with the fragment interior-edge-matrix-gradient (habitat category 2) (Fig. 4). 
Species with lower edge-sensitivity also have a higher matrix tolerance, since edge and 
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matrix tolerance showed a significant, positive correlation (Pearson r = 0.44, P = 0.02). 
These results demonstrate that the low contrast matrix filtering apparently takes place 
for certain forest-interior species. Jantzen & Fenton (2013) found that the activity of 
some insectivorous bat species in mixed deciduous-coniferous forest in Canada 
increases after 40 m into the forest, and Delaval & Charles-Dominique (2006) 
concluded that edge effects on frugivorous and nectarivorous bat communities in a 
neotropical primary forest in French Guiana may occur up to 3 km into the forest. 
Meyer et al. (2008) suggested that the high contrast between fragments and the matrix 
in a landbridge island system explains the strong association between edge-sensitivity 
and bat species vulnerability. In another study, Bobrowiec & Gribel (2010) at the 
BDFFP observed that matrix tolerance for some phyllostomid bat species was directly 
related to food preferences – Vismia spp., Cecropia spp. and Solanum spp. fruit plants.  
Although species at higher trophic levels tend to be larger, and larger species 
tend to be more vulnerable to fragmentation (e.g. Purvis et al. 2000, Henle et al. 2004), 
the importance of body mass as predictor has been found to differ between studies. Our 
study and Meyer et al. (2008), for example, found no strong association between body 
mass and vulnerability. By contrast, Threlfall et al. (2011) found an association of 
insectivorous bat species of greater body mass and open areas in an urban landscape, 
and Hanspach et al. (2012) found that sites with dense tree cover were associated with 
smaller species in a mosaic of forest and agriculture, both in Australia. 
In the Neotropics many frugivorous and nectarivorous bat species adjust their 
diet according to seasonal or local availability (Fleming 1986, Kunz & Ingalls 1994, 
Ramos-Pereira et al. 2010a), and are often strongly associated with plants of disturbed 
habitats, as the BDFFP matrix (Muscarella & Fleming 2007, Bobrowiec & Gribel 
2010). Our results corroborate the findings of Safi & Kerth (2004) and Meyer et al. 
(2008), who found no relationship between species most at risk of extinction and a 
narrow dietary niche. In contrast, Duchamp & Swihart (2008) found a positive 
relationship of forest cover with species characterized by a broad dietary niche in an 
agriculturally-dominated, fragmented landscape in the USA. 
Specialization in terms of their vertical foraging niche may render some bat 
species vulnerable if a particular food item in a particular forest stratum declines as a 
consequence of fragmentation (Bernard 2001, Kalko & Handley 2001). However, based 
on our analysis, we cannot assert that the species occupying higher forest strata are 
more vulnerable to fragmentation (Fig. 3). The majority of gleaning animalivorous bats 
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are generally associated with lower forest strata (Bernard 2001, Ramos-Pereira et al. 
2010b, Rex et al. 2011). On the other hand, the height of capture may not reflect 
foraging height, since there is often no clear distinction between many canopy and 
understory species (Bernard 2001, Kalko & Handley 2001, Ramos-Pereira et al. 2010b, 
Rex et al. 2011, Silva 2012). 
Mobility was not a strong correlate of fragmentation sensitivity based on the 
analyses (Fig. 3 and 4), which may be a result of: i) increased fragment connectivity in 
response to the forest regenerating around the fragments, ii) low rate of recaptures, iii) 
general lack of published studies on mobility patterns and home ranges. It is 
recommended that future bat studies in the Amazon use radio-telemetry, which allows 
assessing the movement, foraging patterns, roost use and minimum home ranges, once 
the local landscape matrix is represented by large areas that, hypothetically, can reduce 
the resources and interfere with species’ movement and habitat use. Mobility or 
mobility-related traits received some support in Meyer et al. (2008), as ESLIs in the case 
of the index of abundance change were the second best model, receiving still reasonably 
high bootstrap frequencies. Due to a lack of data, the home range sizes (ESLIk) and 
maximum dispersal distances (ESLIc) for many species had to be predicted by 
regression. This may have resulted in a large variation in precision of the measures 
among species. The low fragment-matrix contrast of the BDFFP landscape did not 
prove the utility of the ESLIs.  
In relation to wing morphology, aspect ratio was not an important predictor, and 
relative wing loading, which takes into account the relative size of the bat, was 
positively associated with forest fragmentation (Fig. 3), but both variables were not 
significant in the fourth-corner analysis (Fig. 4). Threlfall et al. (2011) found an 
association of insectivorous bat species with greater wing loading and open areas, and 
Duchamp & Swihart (2008) found a positive relationship of forest cover with species 
characterized by high wing-tip shape index in a fragmented landscape. In general, wing 
morphology appears to have greater predictive power of the risk of extinction for open-
space aerial insectivorous bat species (Jones et al. 2003, Safi & Kerth 2004, Threlfall et 
al. 2011, Duchamp & Swihart, 2008), however, not for strongly forest-dependent bats, 





Our study in a system of low structural contrast between fragments and the 
intervening matrix indicates four main species traits related to bat species vulnerability 
to fragmentation at the local scale: abundance in continuous forest, trophic level, edge-
sensitivity and matrix tolerance. Our results support that environmental filters and 
ecological traits consistently shape the bat assemblages in the BDFFP fragmented 
landscape, suggesting that environmental variables particularly related to habitat-
categories, will selectively benefit the most abundant, more matrix tolerant, less edge-
sensitive and frugivorous species in this fragmented landscape. The degree of contrast 
between fragments and the matrix and temporal heterogeneity of secondary vegetation 
(i.e. quality and type of the matrix) are crucial for the maintenance of viable bat 
populations in small fragments (≤ 10 ha) (e.g. Cosson et al. 1999, Estrada & Coates-
Estrada 2002, Bernard & Fenton 2003, Faria 2006, Meyer & Kalko 2008, Bobrowiec & 
Gribel 2010). Our results suggest that species with greater ability to use the matrix (i.e. 
most frugivorous phyllostomid bats) are also the ones that occupy the small fragments 
(≤ 10 ha). This insight provides an applied tool for landscape management where the 
structural and functional connectivity among remnant patches is a main factor for 
persistence and dispersal of the species, in particular for the moderately sensitive. As a 
practical suggestion to minimize local extinctions, investment in the creation, 
restoration and maintenance of natural corridors in fragmented landscapes is 
recommended, as well as the management of the matrix by improving its quality, since 
the matrix functions as a buffer zone to edge effects, increasing the effective interior 
area of fragments (Mesquita et al. 1999, Antongiovanni & Metzger 2005).  
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Table S1 Explanatory variables used in modeling fragmentation sensitivity. 
Table S2 AIC model selection results based on analyses with phylogenetic correction. 
Table S3 AIC model selection results based on analyses without phylogenetic correction. 
Figure S1 Plot used to group species into three mobility categories. 
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Table S1 Values of each explanatory variable used to assess bat species sensitivity to forest fragmentation at the BDFFP, Brazil. AC = 
abundance in continuous forest (bats/mnh), BM = body mass, ES = edge-sensitivity, MT = matrix tolerance, TL = trophic level, DB = dietary 
specialization, VS = vertical stratification, MO = mobility, AR = aspect ratio, RWL = relative wing loading, ESLIc – ESLIk = ecologically scaled 
landscape indices. 






 AR RWL ESLIc ESLIk 
Artibeus cinereus 0.1989 10.5 0.1984 -0.0007 Phytophagous 2 C 2 6.19 18.26 812.38 0.1091 
Artibeus concolor 0.0663 20.8 0.8854 0.8619 Phytophagous 2 C 2 6.57 16.85 842.92 0.1330 
Artibeus gnomus 0.1657 10.9 0.4988 0.0903 Phytophagous 2 C 1 6.10 17.41 737.69 0.1825 
Artibeus lituratus 0.3977 67.5 -0.1445 0.3327 Phytophagous 2 C 3 6.25 18.14 1194.28 0.0435 
Artibeus obscurus 0.3812 40.2 0.0196 0.1314 Phytophagous 2 N 2 6.59 16.71 1007.87 0.0817 
Artibeus planirostris 0.1657 51.0 -0.2516 -1.0000 Phytophagous 2 N 2 6.33 19.25 568.29 0.3207 
Carollia brevicauda 0.2983 12.9 0.7686 0.6997 Phytophagous 2 U 1 6.39 18.41 689.18 0.1374 
Carollia perspicillata 4.9221 16.1 0.4280 0.4321 Phytophagous 2 U 2 5.86 18.16 943.58 0.1226 
Chrotopterus auritus 0.0497 75.2 -1.0000 -1.0000 Animalivorous 2 U 3 4.67 12.46 1137.09 0.0537 
Desmodus rotundus 0.1160 28.5 -0.0786 -1.0000 Animalivorous 3 U 3 7.28 18.63 1021.85 0.0783 
Glyphonycteris daviesi 0.0497 21.1 -1.0000 -1.0000 Animalivorous 2 U 2 6.22 12.93 845.64 0.1321 
Lonchophylla thomasi 0.2154 7.0 -0.3699 -0.3690 Phytophagous 1 U 1 6.48 17.01 687.81 0.2115 
Lophostoma schulzi 0.0663 18.4 -1.0000 0.1994 Animalivorous 2 U 2 4.98 16.90 819.39 0.1421 
Lophostoma silviculum 0.7458 36.7 -0.3058 -0.7650 Animalivorous 2 U 1 5.46 15.69 770.39 0.3641 
Mesophylla macconnelli 0.2652 7.5 -1.0000 -1.0000 Phytophagous 2 C 1 6.05 19.50 694.29 0.2091 
Micronycteris microtis 0.0829 5.9 0.0893 0.5648 Animalivorous 2 U 1 5.97 14.71 43.15 3.8833 
Mimon crenulatum 0.3646 12.6 0.5838 0.5845 Animalivorous 2 U 1 6.18 12.91 530.78 0.4073 
Phylloderma stenops 0.1160 47.0 -0.0786 -0.0776 Phytophagous 2 U 3 6.44 15.21 880.85 0.0642 
Phyllostomus discolor 0.0497 35.6 0.7135 -1.0000 Animalivorous 1 C 1 7.06 18.90 549.84 0.3444 
Phyllostomus elongatus 0.2652 37.4 -0.1445 -1.0000 Animalivorous 1 U 2 6.41 15.73 1032.52 0.0757 
Pteronotus parnellii 1.9224 24.4 -0.0659 -0.1606 Animalivorous 2 U 3 6.04 15.52 1185.03 0.0451 
Rhinophylla pumilio 1.8727 9.6 0.3583 0.2727 Phytophagous 2 N 1 6.25 19.13 521.01 0.3873 
Tonatia saurophila 0.5303 26.8 -0.4559 -0.4551 Animalivorous 2 N 1 5.54 14.75 1062.05 0.0883 
Trachops cirrhosus 1.1269 38.6 -0.3892 -0.3883 Animalivorous 3 U 2 6.07 14.75 1057.37 0.0639 
Trinycteris nicefori 0.0663 9.0 -1.0000 0.1994 Animalivorous 2 C 1 5.94 17.18 713.45 0.1959 
Vampyressa bidens 0.1657 12.6 -1.0000 0.2851 Phytophagous 2 C 1 6.07 18.14 757.27 0.1708 
 
1
Categories: 1 = low, 2 = intermediate, 3 = high; Sources: Sampaio (2000); Bernard & Fenton (2003); Weinbeer & Kalko (2004); Bonaccorso et al. (2006); Thies et al. (2006); 
Albrecht et al. (2007); Henry & Kalko (2007); Bianconi (2009).  
2
Categories: 1 = low, 2 = intermediate, 3 = high; Sources: Fleming et al. 1972; Heithaus et al. 1975; Willig et al. 1993; Zortéa & Mendes 1993; Kunz & Diaz 1995; Kalko et al. 1996; 
Bernard 2002; Herrera et al. 2001; 2002; Giannini & Kalko 2004; 2005; Thies & Kalko 2004; Kalka & Kalko 2006; Bredt et al. 2012. 
3
U = understory preference, N = no preference, C = canopy preference
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Table S2 Full results of AIC-based model selection assessing the association between 
two measures of fragmentation sensitivity and a set of candidate GLMs, following 
phylogenetic correction. For each model, the log-likelihood (Log-L), number of 
estimable parameters (K), sample-size adjusted Akaike Information Criterion (AICc), 
Akaike differences (Δi), Akaike weights (wi), and bootstrap selection frequencies (πi) 
are presented. Model fit as evaluated based on the global model is given for each 
response variable as percentage deviance explained (% dev.). 
Response variable Model description Log (L) K AICc Δi wi πi 
Species prevalence Abundance in continuous forest (AC) 19.33 2 -34.12 0.00 0.93 0.6264 
(% dev. = 75.9) Population size (AC + BM + TL) 21.07 4 -28.99 5.14 0.07 0.1949 
 
Mobility (M) 7.54 2 -10.53 23.60 0.00 0.0005 
 
Edge-sensitivity (ES) 7.47 2 -10.40 23.72 0.00 0.0000 
 
Body mass (BM) 7.28 2 -10.01 24.11 0.00 0.0001 
 
Matrix tolerance (MT) 7.01 2 -9.48 24.64 0.00 0.0000 
 
Vertical stratification (VS) 6.94 2 -9.34 24.79 0.00 0.0003 
 
Aspect ratio (AS) 6.80 2 -9.05 25.07 0.00 0.0001 
 
Relative wing loading (RWL) 6.79 2 -9.03 25.09 0.00 0.0002 
 
Dietary specialization (DS) 6.79 2 -9.03 25.09 0.00 0.0000 
 
Trophic level (TL) 6.77 2 -8.99 25.13 0.00 0.0000 
 
ESLIc + ESLIk 7.40 3 -4.80 29.32 0.00 0.0001 
 
Specialization (DS + VS + ES + MT) 8.07 5 0.52 34.65 0.00 0.0004 
 
Dispersal (M + RWL + AR + BM + ES + MT) 8.27 7 8.46 42.58 0.00 0.0001 
  
. . . . . . 
Change in abundance Abundance in continuous forest (AC) -23.08 2 50.71 0.00 0.89 0.5592 
(% dev. = 82.3) Population size (AC + BM + TL) -20.90 4 54.96 4.25 0.11 0.2154 
 
Mobility (M) -35.99 2 76.52 25.81 0.00 0.0012 
 
Matrix tolerance (MT) -36.00 2 76.54 25.83 0.00 0.0008 
 
Edge-sensitivity (ES) -36.20 2 76.94 26.23 0.00 0.0000 
 
Body mass (BM) -36.40 2 77.34 26.63 0.00 0.0003 
 
Vertical stratification (VS) -36.82 2 78.19 27.48 0.00 0.0002 
 
Aspect ratio (AS) -36.95 2 78.45 27.75 0.00 0.0000 
 
Trophic level (TL) -36.96 2 78.46 27.75 0.00 0.0000 
 
Dietary specialization (DS) -36.96 2 78.47 27.76 0.00 0.0000 
 
Relative wing loading (RWL) -36.96 2 78.47 27.76 0.00 0.0002 
 
ESLIc + ESLIk -36.66 3 83.32 32.62 0.00 0.0000 
 
Specialization (DS + VS + ES + MT) -35.61 5 87.89 37.18 0.00 0.0001 









Table S3 Model selection results of species-level analyses conducted on data not 
corrected for the effects of phylogeny. For each model, the log-likelihood (Log-L), 
number of estimable parameters (K), sample-size adjusted Akaike Information Criterion 
(AICc), Akaike differences (Δi) and Akaike weights (wi) are presented. Species 
prevalence was modeled using generalized linear models (GLMs) with a binomial 
distribution, whereas for the index of change in abundance GLMs assumed a Gaussian 
error distribution. Model fit as evaluated based on the global model is given for each 
response variable as percentage deviance explained (% dev.). 
Response variable Model description Log (L) K AICc Δi wi 
Species prevalence Abundance in continuous forest (AC) -38.45 2 81.42 0.00 0.82 
(% dev. = 86.1) Population size (AC + BM + TL) -37.27 4 84.44 3.01 0.18 
 
Specialization (DS, VS, ES, MT) -53.41 5 123.23 41.81 0.00 
 
Edge-sensitivity (ES) -59.72 2 123.96 42.53 0.00 
 
Vertical stratification (VS) -59.04 2 125.18 43.76 0.00 
 
Matrix tolerance (MT) -60.89 2 126.30 44.88 0.00 
 
Trophic level (TL) -61.20 2 126.93 45.51 0.00 
 
Relative wing loading (RWL) -62.19 2 128.89 47.47 0.00 
 
Body mass (BM) -63.16 2 130.84 49.42 0.00 
 
Dietary specialization (DS) -63.46 2 131.44 50.02 0.00 
 
Mobility (M) -63.48 2 131.48 50.06 0.00 
 
Aspect ratio (AR) -63.65 2 131.81 50.39 0.00 
 
Dispersal (M + RWL + AR + BM + ES + MT) -56.18 7 132.58 51.16 0.00 
 
ESLIc + ESLIk -63.35 3 133.79 52.37 0.00 
  
. . . . . 
Change in abundance Abundance in continuous forest (AC) -30.72 2 68.54 0.00 0.73 
(% dev. = 90.9) Population size (AC + BM + TL) -28.76 4 70.53 1.99 0.27 
 
Edge-sensitivity (ES) -47.21 2 101.52 32.98 0.00 
 
Matrix tolerance (MT) -47.38 2 101.85 33.31 0.00 
 
Trophic level (TL) -47.83 2 102.76 34.22 0.00 
 
Relative wing loading (RWL) -48.36 2 103.80 35.26 0.00 
 
Mobility (M) -49.11 2 105.31 36.78 0.00 
 
Body mass (BM) -49.21 2 105.50 36.97 0.00 
 
Dietary specialization (DS) -49.37 2 105.83 37.29 0.00 
 
Aspect ratio (AR) -49.37 2 105.84 37.30 0.00 
 
Vertical stratification (VS) -47.97 2 105.85 37.31 0.00 
 
ESLIc + ESLIk -49.05 3 108.00 39.47 0.00 
 
Specialization (DS + VS + ES + MT) -44.28 5 108.78 40.24 0.00 
 









Figure S1 Plot used to group species into three mobility categories: low, intermediate 
and high. 
 
 
 
 
 
 
 
 
 
 
 
 
